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Fluorescence up-conversion
Fluorescence up-conversion is a variant of the ultrafast pump-probe methods. In our experiment a Ti:sapphire oscillator produces pulses centred at 800 nm of width 20 fs at a 76 MHz repetition rate and a total power of 800 mW. The laser output was compressed by a prism pair and focussed onto a 50 μm thick Type I BBO crystal to produce up to 15 mW of a 400nm second harmonic pump beam.
The gate (800 nm) and pump (400 nm) beams were separated with a dichroic mirror, after which they follow different paths, with a temporal separation controlled by a mechanical delay stage with an accuracy of ca 1 fs. A pair of chirped mirrors was introduced into each beam to compensate for the dispersion introduced by transmission through other optics. The 400 nm pump beam was adjusted to have approx. 8 mW power and was focused with a 150 mm concave mirror to the centre of a 1 mm pathlength cell which contained the sample. The sample was flowed continuously during measurements by a peristaltic pump. The fluorescence emitted from the sample was collected by a reflective microscope objective and focused onto a 100 μm thick Type I BBO crystal where it was mixed with the 800 nm gate beam. A monochromator combined with a photon-counting photomultiplier tube was used to detect the signal generated with a resolution of 15 nm. The intensity of the up-converted signal, at the wavelength selected by the monochromator and the angle of the up-conversion crystal, is proportional to the instantaneous fluorescence intensity during the 20 fs gate pulse, the arrival time of which can be varied by the delay stage. Thus fluorescence upconversion is an ultrafast sampling technique. The time resolution, measured experimentally by upconverting scattered Raman from the solvent, was determined to be 50 fs and was used in the deconvolution analysis. The apparatus was described in detail elsewhere. S1 Decomposition of the spectra was achieved by fitting with a sum of two log-normal functions:
Where wavenumber ν = λ -1 , ν is related to the full width at half maximum, A(ν) is a converted fluorescence spectrum A(ν) = λ 2 *F(λ) and b is a skewness parameter. S2
Fitting was carried out in the energy domain, representation of fit results in wavelengths domain are shown in Figure 2C for ease of comparison; In Figure S2A (Anion) and Figure S2B (Neutral) the shape of anion spectrum was fixed to the one recovered from a single log-normal fit to the anion spectrum excited at 400 nm. The spectrum of the anion excited at 360 nm (A) was found to be significantly broader than that recovered on 400 nm excitation (see below). We ascribe this difference to emission from highly excited vibronic states populated by the more energetic excitation photon; the difference is shown in green. Although such hot band emission is not usually resolved, for very short lived excited states (such as is the case here) it may compete with the relaxed emission. This is consistent with the slightly faster decay observed on the blue edge of the anion emission (Table 2 ).
Figure S3
Steady state and time resolved emission of the DFp-HBDI in MeOH. Fluorescence measured after excitation using 400 nm.
The excited state lifetime decay shows almost no dependence between different species. Fluorescence decay of the species almost mono-exponential without colour dependence. Estimated average lifetimes of species Neutral: 0.56 ps; Anion: 0.62 ps; Cation 0.7 ps. Figure S4 . (A) The pH dependent fluorescence spectra for DFp-HBDI measured at an excitation wavelength of 400 nm. The differences between Figure 2B and Figure S2 are due to the different pH dependent absorbance of the sample (evident in Figure 2A ) at the two wavelengths. (B) The spectra could be decomposed into the same components as those at 360 nm, but with different amplitudes; the decomposition of the neutral emission excited at 400 nm is shown for comparison with Figure   2C .
Figure S5
Time resolved emission of the cation excited at 400 nm and measured at emission wavelengths across the spectrum, shown on sub -picosecond (A) and picosecond (B) time scales.
Again the need for a risetime in fitting the red-edge data is obvious. 
Synthesis and Characterization.
DFHBDI was prepared by the method of Jaffrey, S3 by concomitant cyclization-condensation of 3,5-difluoro-4-acetoxybenzaldehyde with N-acetylglycine in the presence of acetic anhydride to give the oxazolone, followed by treatment with methylamine to give the corresponding imidazolone. ν max (film)/cm -1 : 2854, 2820, 1791, 1705, 1600, 1510, 1450, 1338, 1178, 1115, 1046, 888, 861, 733 Acetic anhydride (10 mL) was added to a mixture of 3,5-difluoro-4-acetoxybenzaldehyde (1.0 g, 5.00 mmol), N-acetylglycine (0.6 g, 5.50 mmol, 1.1 equiv.), and sodium acetate (0.4 g, 5.00 mmol). The mixture was heated under reflux for 4 h, allowed to reach room temperature, and ethanol (10 mL) added. The resulting slurry was cooled overnight in a refrigerator. The suspension was filtered and the collected solid washed with cold ethanol to give the title compound as a yellow solid (0.54 g, 41%). 1781, 1769, 1666, 1606, 1507, 1434, 1371, 1333, 1186, 1171, 887, 866 Methylamine (40% in water, 1.7 mL, 10 equiv.) was added and the mixture heated under reflux for 4 h. The solution was allowed to reach room temperature and water (15 mL) added. The pH of the solution was adjusted to 3 using aqueous HCl (37%). The suspension was cooled overnight in a refrigerator, filtered and the collected solid washed with cold water to give the title compound as a solid (0.21 g, 78%). ν max (film)/cm -1 : 1687, 1651, 1619, 1527, 1443, 1335, 1243, 1136 Figure S7 Fluorescence up-conversion data for neutral DFp-HBDI measured at 500 nm. The data are fit to just decaying component (red) and rising and decaying components (blue). The residuals reveal the need for the rising component.
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